Specific protective immune responses induced by infection with asexual stages of Plasmodium species are likely to be directed against the surface of the infected erythrocyte or merozoite. Available evidence also suggests that, if intraerythrocytic parasites are susceptible to immufre damage, then only the more mature trophozoite or schizont stages are affected. In order to attempt to identify and characterize those antigens responsible for the induction of immunity to asexual stages of Plasmodia, we have chosen to use Plasmodium chabaudi in CBA/Ca mice as a laboratory model. This is a synchronous infection with many biological features similar to Plasmodium fakiparum infections of man. A rodent infection has been selected so that the advantages of working in syngeneic hosts may be exploited to analyse in detail the immune response to defined antigens.
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Specific protective immune responses induced by infection with asexual stages of Plasmodium species are likely to be directed against the surface of the infected erythrocyte or merozoite. Available evidence also suggests that, if intraerythrocytic parasites are susceptible to immufre damage, then only the more mature trophozoite or schizont stages are affected. In order to attempt to identify and characterize those antigens responsible for the induction of immunity to asexual stages of Plasmodia, we have chosen to use Plasmodium chabaudi in CBA/Ca mice as a laboratory model. This is a synchronous infection with many biological features similar to Plasmodium fakiparum infections of man. A rodent infection has been selected so that the advantages of working in syngeneic hosts may be exploited to analyse in detail the immune response to defined antigens.
Preliminary experiments aimed at identifying antigens on the surface of infected erythrocytes were performed by comparing normal and infected erythrocytes that had been surfaceradiolabelled by conventional chemical or enzymic techniques. No differences were detected in these studies, which were complicated either by poor incorporation of label (lactoper~xidase/['~~IlIodogen), or by high background incorporation into host-cell material (neuraminidase/galactose oxidase/NaB3H, or periodate/NaB3H,). For this reason we attempted to use antibody as a surface probe on infected erythrocytes that had been biosynthetically labelled in vitro with [ 35S Imethionine.
Parasitized cells were labelled in vitro with [35Slmethionine during the period of development into schizonts. By using blood depleted of leucocytes and containing only background concentrations of reticulocytes, essentially all of the labelled polypeptides were of parasite origin. Surface antigens were then detected by incubation of washed labelled cells with either normal mouse serum or immune mouse serum (from mice challenged three times with 10' P. chabaudi cells) and thorough washing. The cells were then solubilized in detergent and centrifuged to remove insoluble material, and antibody bound to labelled surface components was precipitated with an anti-(immunoglobulin G) serum. Immunoprecipitates were subsequently analysed by sodium dodecyl sulphate/polyacrylamidegel electrophoresis and fluorography. Controls for the specificity of the reaction were obtained by mechanical lysis of parasitized cells before addition of antiserum to detect all labelled parasite antigens.
This procedure identified one major (mol.wt. 210000) and one minor (mol.wt. 78000) parasite antigen. An additional band of mol.wt. 58000 was sometimes detected.
Additional evidence for the surface location of one of these polypeptides was obtained by surface labelling with periodate/NaB3H, before the surface-immunoprecipitation procedure was performed. In this case, one labelled band of mol.wt. 210000 (band 1) was specifically precipitated. This molecule also incorporated [3Hlglucosamine in pulse-labelling experiments, suggesting that it was a glycoprotein.
The timing of synthesis of these antigens was investigated in pulse-labelling experiments. Parasitized erythrocytes were taken from mice every 3 h and labelled in vitro for 2 h with [35Slmethionine. This was continued for 1 j parasite division cycles. When the labelled polypeptides were analysed by sodium dodecyl sulphate/polyacrylamide-gel electrophoresis it was clear that many parasite proteins were only synthesized for short periods during the cell cycle. The synthesis of at least six polypeptides (including bands of mol.wts. 250000 and 78000) was confined to schizont and merozoite differentiation.
These experiments have identified one major and one minor parasite antigens, which appear to be synthesized late during parasite development and expressed at the surface of the infected erythrocyte. Since these are both candidates for protective antigens, their species-specificity and immunological crossreactivity were investigated in the following experiments.
Surface and lysate immunoprecipitates were obtained for biosynthetically labelled parasites of P. chabaudi or P. berghei by precipitation with antiserum directed against either parasite. The results showed that band-1 glycoprotein was present at the surface of erythrocytes infected with both species, but that they were not immunologically cross-reactive at the surface.
Several monoclonal antibodies against band-1 material from P. chabaudi have now been prepared (D. B. Boyle, unpublished work), and work is now required to purify this molecule and assess its importance to antigenic variation and protective immunity in malaria. During the first days of development of Schistosoma mansoni in their definitive host, the parasites gradually become refractory to the host immune system. Although the adult worm can live for several years without suffering any damage, the host develops immunity against reinfection. This suggests that at a very early stage intrinsic changes in the surface membranes of schistosomes occur, which enables them either to become immunogenically inert or actively to counteract the host immune response.
Schistosomu rnunsoni: biochemical changes during early stages of the infection
Available data show that, within hours after infection or artificial transformation (mechanical agitation of cercariae or penetration through isolated pieces of skin), the schistosomula acquire a heptalaminate membrane (double lipid bilayer) (Hockley & McLaren, 1973) . Soon after this the parasites stop binding antibodies and become increasingly resistant to damage by complement (Moser et al., 1980) . A similar degree of protection can also be observed in vitro by incubating the schistosomula in defined medium containing serum.
Attempts to detect metabolic changes that could be correlated with the adaptation of schistosomes to their host have so far been inconclusive. Experiments in vitro with artificially transformed schistosomula have indicated that there is not much biosynthetic activity occurring at this stage. No incorporation of thymidine is observed, suggesting that no DNA synthesis takes place. Indeed, it was shown that schistosomula cultured in the presence of several inhibitors, such as chloramphenicol, actinomycin D, puromycin, rifamycin and aminopterin, appear to suffer no deleterious effects (Nagai et al., 1977; and C . A. Tavares, personal communication) . Sulphated mucopolysaccharides are not synthesized either since no 135Slsulphate incorporation could be detected with larval schistosomes. On the other hand, metabolic events associated with membrane function are evident from the onset of transformation, more specifically at the level of lipid metabolism. Schistosomula promptly incorporate fatty acids added to the culture medium, and the fatty acids are then esterified to glycerol, forming 596th MEETING, LANCASTER triacylglycerols. When higher concentrations of the fatty acids are added, however, the parasites are quickly killed. Drugs that promote a similar situation are also toxic to the schistosomula. It was shown that indomethacin, a non-steroidal antiinflammatory agent and inhibitor of prostaglandin synthesis, produced instant paralysis in adult worms and was likewise very toxic to schistosomula. In adult worms it was found that indomethacin activated the parasite's phospholipases and /or lipases, generating non-esterified fatty acids. A simultaneous effect of indomethacin on the schistosome lipid metabolism was the inhibition of acylation of fatty acids to glycerol, thus resulting in an accumulation of non-esterified fatty acids on the membranes of the parasite. This effect could also be detected in schistosomula, and it was concluded that any perturbation in the membrane lipid metabolism of schistosomes profoundly affected cellular function. Since it was established that schistosomes lack the ability to synthesize prostaglandins, any effects of indomethacin on prostaglandin metabolism were excluded.
Experiments designed to detect qualitative changes in the surface protein composition of the developing schistosomula employing radioiodination techniques (chloramine-T and Iodogen) showed that, although the parasites became radioactive, all the radioactivity was associated with the lipids, and no proteins could be labelled by these methods when live intact parasites were utilized. In contrast, when homogenates were used, several labelled proteins were detected. Schistosomes contain a relatively high amount of lipids in their tissues, but it is known that they cannot synthesize de novo long-chain fatty acids or sterols (Meyer et al., 1970) . Moreover, there is no indication that schistosomes can catabolize fatty acids to acetate, thus suggesting that the role of lipids might be mainly structural, as components of the parasite's membranes.
The use of radioiodination techniques permitted analysis of the lipid composition of the schistosomula and also the effects that changes in the conditions of culture might have at this level. It was found that inclusion of serum in the medium modulated the schistosomula lipid composition and that this modulation depended on the type of serum used. For example, human serum produced an intense uptake of cholesterol and triacylglycerols by the schistosomula, whereas foetal calf serum induced a net loss of lipids from the parasites. The modulation of surface lipids by human serum correlates with the observation that schistosomula cultured in the presencs of human serum develop significantly greater protection against eosinophil-mediated cytotoxicity in vitro than do individuals incubated with foetal calf serum. Moreover, when human serum was delipidated under non-denaturing conditions, it lost its ability to confer protection to the parasites. These results suggest that lipid uptake soon aRer infection might be crucial for the survival of the schistosomula.
The presence of serum might also play an important role in the glycolipid synthesis and/or uptake by schistosomula. It was shown that schistosomula contain in their membranes glycosyltransferases, which appear to participate in the synthesis of the parasite's glycolipids, since the sugar precursors utilized by this enzymic system are also found exposed on the surface of schistosomula and adult worms, as judged by lectin-binding experiments (Simpson, 1980) and by chemical analysis (Rumjanek et al., 1979) . It was possible to isolate glycolipids as products of the reaction of schistosome glycosyltransferases, but only negligible amounts of the synthesized oligosaccharides were transferred to protein acceptors. When schistosomula were incubated with serum, there was a 40-60% activation of mannosyltransferase activity, which probably represents the transfer of the lipid intermediate participating in the reaction from the serum to the parasites (or precursors of the lipid intermediate). Whether the schistosome glycosyltransferases might also be involved in the uptake of glycolipids from the host or in the transport of monosaccharides across the membranes is not known. This possibility was considered, since it was shown that in adult worms, mannosyltransferases and galactosyltransferases with high specific activities were found on the surface membranes, as revealed by 'digitonin shift' experiments. This unusual location for glycosyltransferases might suggest a direct role in the uptake and transport of monosaccharides, glycolipids or even oligosaccharides. In this context we have shown that schistosomula are able quickly to incorporate gangliosides (GMJ on to their surfaces, as shown by choleratoxin-binding experiments. Because it has not yet been possible to use a specific inhibitor of the schistosome glycosyltransferases, it is not known whether the ganglioside uptake is mediated by enzymic action. Tunicamycin, which specifically inhibits glycosyltransferases in other organisms, affects only N-acetylglucosamine incorporation into the schistosome's macromolecules, with no effects on mannosyltransferase, galactosyltransferase and glucosyltransferase activities.
In conclusion, it seems that during the early stages of infection, when the parasites are susceptible to immune attack, metabolic activity at the surface-membrane level is more evident than biosynthetic activity, which suggests that during this period growth of the parasites is subordinate to structural modifications of the membranes, which may determine whether the infection will be successful or not.
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Surface antigens on haemoparasites and their relevance to protective immunity R. RAMASAMY Department of Biochemistry, University of Nairobi, P.O. Box 30197, Nairobi, Kenya
The possibility of the development of vaccines against parasitic diseases is currently a subject of intense investigation, based partly on the successful use of vaccines in controlling bacterial and viral diseases. The surface antigens of the invasive forms of the parasites are important in this process, since, during the early stages of an infection, the host antibodies and effector cells are in contact only with the surface of the parasite. The protein antigens of the parosite surfaces have been characterized in our Vol. 9 investigations. The general approach has been to label radioactively surface proteins, extract the labelled material in weak detergents, immune-precipitate antigens by using specific antisera or infected sera from patients and analyse the labelled antigens by polyacrylamide-gel electrophoresis and radioautography. Of the several surface labelling methods available, lactoperoxidase-catalysed iodination (Marchalonis et a [., 1971) was selected because of the simplicity of the process and the relative inexpensiveness of the labelling reagent. Our experiments demonstrate that labelling by this process is restricted to the surface molecules of even multicellular worms such as Schistosoma mansoni. A disadvantage of this labelling pro-
